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Abstract-Ovarian cancer is amongst the most lifethreatening malignancy of the female reproductive system, whereas 90% of those ovarian cancers are epithelial with an overall poor five-year survival rate of 44% across all stages and all races [1]- [2] , [31] . This paper aims to review the current treatment and diagnostic strategies for ovarian cancer [3] . Using grounded substantial research, multiple figures were developed to show the relations of ovarian cancer diagnostics and ovarian cancer therapeutics. It is a great start to look into what may be causing most patients to become resistant to the current standard of care, platinum-based chemotherapeutics, for ovarian cancer [4] . A comprehensive literature review will be used to understand the genetic basis of the disease and possible cancer growth patterns, so we could possibly introduce better diagnostics and therapeutics [5] . The findings show that there are a variety of treatments options other than the standard of care, platinum-based therapy [6] . Nanoparticle encapsulation therapy is one way that has been approved by the FDA to therapeutically treat ovarian cancer without the platinum resistant side effects [7] . Also, the discovery of different diagnostics for ovarian cancer can help with better individualized treatments for patients with different forms of ovarian cancer [8] . Currently, the only serous diagnostic test for the detection of ovarian cancer is high levels of Cancer Antigen 125 (CA-125), which is only shown in 50% of early staged ovarian cancers [16] . The main treatment option for ovarian cancer is platinum-based drugs, in which most cases of patients with ovarian cancer will become resistant. Detecting and treating ovarian cancer while the cells are small, contained, and still in the early stages in vivo still remains to be a challenge [9] . Here, we will demonstrate the bioelectrical interactions of the ovarian cancer cells fused with the magnetic iron oxide nanoparticles with the use of an MRI. The findings demonstrate that the diagnostic method for the early detection of epithelial ovarian cancer requires the use of magnetic iron oxide nanoparticles with specific ligand external profiles as a contrast reagent to make the small-sized ovarian cancer cells appear more visible under MRI.
Index Terms-Ovarian cancer; Platinum-based Therapy; Biomarker diagnostics; Imaging; Nanotherapeutics

I. INTRODUCTION
There is a growing number of literature on the early detection of epithelial ovarian cancer cells [9] . Due to the epithelium of ovaries being deep within the body, early detection holds high significance especially when preventing ovarian cancer cell from spreading. In one third of patients with epithelial ovarian cancer, the primary tumor is found to release tumor cells that circulate and metastasize throughout the circulatory system. The primary tumors quintessential Published on February 6, 2018. M. Davis is with the University of Bridgeport, USA. (e-mail: micdavis@my.bridgeport.edu) phenotypes and genotypes influences specific characteristics that help us to identify why the tumor may display such exponential growth and rapid metastasis in new microenvironments [10] .
The proposition of screening strategies in the early detection of patients with epithelial ovarian cancer includes biomarkers that have been shown to possibly be a better alternative to current testing using the transvaginal ultrasound and serum testing for the Cancer Antigen 125 alone, which is currently approved by the US FDA to report the manifestations of epithelial ovarian cancer progression [11] . Both of these screening strategies have been deemed and shown by a multitude of studies to be slightly unreliable due the false-positive nature of CA 125 and the low specificity of the ultrasound [7] , [11] . It has also been demonstrated that biomarker profiling can help with individualized treatments for patients with epithelial ovarian cancer by predicting better treatment outcomes and patient responses [12] . An overall improvement in survival rates will be seen when there is the development of a biomarker test that has high specificity, high sensitivity, and that can detect a variety of ovarian cancers of the epithelial origin within the early stages [13] , [25] .
When diagnosing a high-grade ovarian malignancy, further evaluation through different forms of diagnostic measures such as the use of magnetic resonance imaging (MRI), should be taken, especially when dealing with patients of a variety of ages. Magnetic iron oxide-based nanoparticles (MNPs) are a great area of interest in the field of ovarian cancer due to its compatibility with human blood and tissue, magnetic resonance imaging reagent contrast abilities, and its responsivity to a variation of magnetic fields [15] . In order for ovarian cancer cells to appear more visible under diagnostic imaging tools, nanoparticles enhanced with targeting ligands can be used so as to enhance cellular internalization. There is a growing number of research in regard to the use of MNPs formulations coupled with MRI, however, very little research has been done when MNPs are coupled with ovarian cancer cells.
II. RESEARCH METHOD
Review centric research
Using recently combined research methods e.g. [66] Ovarian cancer line SK-OV-3 obtained from ATCC with known genetic variability in on or more of the following: APC, CDKN2A, FAM123B, KRAS, MLH1, NRAS, PIK3CA, STK11, and TP53 would be the best option to A Comprehensive Review of the Diagnostic and Treatment Methods for Ovarian Cancer Michelle Davis culture and exposed to an iron oxide nanoparticle formulation in order to achieve a strong magnetic profile. This ovarian cancer line would be chosen due to its common genetic variability in mutations seen in most patients diagnosed with epithelial ovarian cancer. A comprehensive literature review on the formulation (F127250) of magnetic nanoparticles coated with pluronic polymer (F-127), β-cyclodextrin (CD), and an iron oxide core, developed by previous methods, have been shown to be a good option for haemocompatibility and MRI visible targeting while delivering a therapeutic effect to cisplatin resistant ovarian carcinoma cells all in one system [17] . This study inherently used different formulations to display enhanced MRI characteristics, however, more in-depth information could possibly be attained by keeping the current formulation the same while changing the magnetic nanoparticles core size through iron loading because nanoparticle size is crucial when it comes to clinical applications, MRI contrast visibility of small-sized cells, and bioelectrical magnetization.
The research methods used in this study follows the principles outlined by [66] . More specifically, to calculate the bioelectrical interactions of the ovarian cancer cells fused with the magnetic iron oxide nanoparticles with iron cores ranging from 5.3-7 nm in size, the use of a Bruker Biospec imager would be ideal to use to calculate the transverse relaxation times, T2. As provided by previously done methods, transmission electron microscopy would be used to measure the size of the magnetic cores and the magnetic properties of the F127250 formulation [66] . Toxicity evaluation measured using UV-vis spectrophotometer would give specific haemocompatibility at different concentrations.
III. EPITHELIAL OVARIAN CANCER
It is important to know how lethal epithelial ovarian cancer is in order to find better detection and therapeutic strategies [3] . Due to substantial research that has been done in regards to the proliferation of ovarian cancer cells, it is a great start to look into what may be causing most patients to become resistant to the current standard of care, platinum-based chemotherapeutics [4] . If we could better understand the molecular basis of the disease and each patient's individualized cancer growth patterns, we could possible introduce better technology, nanotherapeutics, immunotherapies, and targeted therapies [5] . Studying the antiproliferative effects, S phase cycle arrest, and apoptosis in ovarian cancer cells can lead to a variety of treatments options other than the standard of care [6] , [23] . Nanoparticle encapsulation therapy is one way that has been approved by the FDA to therapeutically treat ovarian cancer without the platinum resistance [7] . The discovery of different ovarian cancer cell lines can help with better individualized treatments for patients with different forms of ovarian cancer [8] . 
IV. PLATINUM-BASED THERAPY
Studying the effects of platinum-based therapy on DNA can possibly help the mystery on how platinum-based drugs influences resistance [33] . The low survival rate are found by a number of factors including high resistance and relapse rates [20] , [34] . Epithelial ovarian cancer shows high sensitivity to platinum based therapies compared to other cytotoxic agents [35] . It would be best to accurately record and track patient's information so it could be used in clinical trials and as a foundation to build up more knowledge to improve on noval maintenance and prognosis of ovarian cancer; especially with patients who achieved a secondary response [36] . Using natural compounds in addition to platinum-based therapies show promise when trying to overcome drug resistance due to the fact that platinum based chemotherapy causes significant damage to normal cells, tissues, and blood [37] - [38] .
A. Glycomarker
The first line of treatment for ovarian cancer is platinumbased therapy [39] . Due to most patients having some sort of sensitivity and resistance to the platinum-based therapies, scientists have been looking for other markers that are easily accessible by intravenous methods that uses cost efficient materials to identify platinum-resistant cells in an effort to improve treatments [39] - [40] . Due to the differences in molecular characteristics, it is imperative to find a molecular test that can prevent the use of ineffective drugs [39] .
B. Platinum Sensitivity
Studies have shown that with increasing rates of platinumbased therapies, cells become highly sensitive and begin not to react to treatment plans [41] . It has been shown that patients who have a chemotherapy relapse after six months or more are called platinum sensitive [40] . One study focused on the variation in platinum-free time intervals in which this study found that with longer platinum free intervals, patients have higher retreatment rates [41] . This study and multiple others found that there is some stratification that needs to be done when differentiating platinum resistivity and sensitivity in patients with reoccurring ovarian cancer [40] - [41] .
C. Platinum Resistance
Unlike platinum sensitivity, platinum resistivity is described as patients who relapse within six months or less [40] . These patients also display lower response rates to continued administered chemotherapy and include a variety of disease recurrence symptoms due to common mechanisms such as annexin A3 and a number of genes, including XIAP and LRP [21] , [27] , [40] . The characteristics of platinum resistant and platinum sensitivity have a fine line in between in which patients experience a rise in CA-125 and variation in radiologic images such as PET and CT [40] . 
V. BIOMARKER DIAGNOSTICS
It is important to note that the use of biomarkers is the future of cancer research, more specifically, ovarian cancer research because it is able to show a better outcome that the currently used methods of platinum-based therapy [7] . Biomarker profiling can also predict better treatment outcomes and predict patient response [12] . Finding certain biomarkers for specific genes, such as the novel serum tumor antigen-associated autoantibody (TAAb), heat shock protein 10 (HSP10), and PD-1 can play a role in better detection multiple cancers, including ovarian cancer [11] , [28] , [32] . We also need more efficient ways of harvesting these proteins [42] . One other important thing to realize is we need to see a more specific genetic pattern in these biomarkers in order to use them for detection [43] . The elevation in this tumor would show promise towards better detection, prognosis, and faster diagnoses for patients with ovarian cancer [33] .
A. CA-125
The CA-125 test is FDA approved and has been used for the screening and diagnosis of a variety of stages for ovarian cancer. Even though the CA-125 test is clinically approved, this test proves to have variants in specificity and sensitivity [44] . Cancer antigen 125 is a glycoprotein that is secreted into the bloodstream and has been found by a variety of studies to not only be specific to ovarian cancer, but can show elevated levels in pelvic masses such as cysts and in pregnancy, while 20% of ovarian cancers can still express no increase in those levels [11] , [29] , [44] . The CA-125 test is also not sensitive enough to test for early stage epithelial ovarian cancer, which is a major disadvantage due to the fact that the five-year survival rate increases, the earlier the cancer is diagnosed and treated [44] .
B. Tumor antigen-associated autoantibody
One of the biomarkers, such as the novel serum tumor antigen-associated autoantibody (TAAb), which are serum biomarkers which are easily accessible from blood samples, shows promise when it comes to the early detection and diagnosis of multiple cancers, including high grade serous epithelial ovarian cancer [45] . In one study, the primary goal was to differentiate between healthy patients and patients with benign serous ovarian tumors so as to improve the sensitivity rates independent of the transvaginal ultrasound and reduce the false positive rates when combined with the CA-125 serum test [11] . Possible success with this specific biomarker may eliminate the problem of diagnosing epithelial ovarian cancer too late which is a reoccurring problem with the use of the CA-125 serum test alone because of its patientto-patient variability and the transvaginal ultrasound which cannot detect miniscule tumors in the early stages [11] .
C. Genetic Biomarkers
One important thing to realize is that we need to see more specific genetic patterns in order to use genetic biomarkers for the screening, detection, and tumor stratification of EOC [43] . One study used samples of blood and tissue from EOC patients to determine genetic variations using NGS, microRNA patterns, and DNA methylation patterns using array technology to improve screening and detection, thus, possibly leading to an improvement in diagnosis and therapeutics [13] . Again, overcoming the variant high false positive rates from the current and standard serum CA-125 test is a major goal when utilizing genetic profiling in a number studies that label certain genes as potential biomarkers, such as the TP53 gene, the RAS protooncogenes, KRAS, HRAS, NRAS, and the BRACA genes [13] , [46] - [47] . Designated type II carcinomas are premium quality serous carcinosarcomas which display rapid mutations in the tumor suppressor, TP53, unlike its counterpart, designated type I, in which TP53 mutations rarely as expressed. While TP53 remains low in low-grade tumors, the KRAS, BRAF, and ERBB2 mutations are high [48] . The mutations in the germline of BRACA1 and BRACA2 genes are the most apparent genetic risk factors in epithelial ovarian cancer, effecting 8-15 percent of women that have been diagnosed with epithelial ovarian cancer [49] . BRACA1 holds multiple roles such as DNA repair, transcriptional regulation, and mitosis. In addition, BRACA2 is used for homologous recombination. Some studies have attempted to show the manifestations between the carriers and non-carriers of BRACA1 and BRACA2 genes, however, it's relative prognosis of EOC still remains slightly unclear [50] .
D. ALDH
The potential biomarker, ALDH, is paving the way to help identify ways to detect platinum-based drug resistance especially because it displays inherit characteristics such as multi-drug resistance and smaller size [5] , [22] . Currently there are only a few biomarkers, however, the expression of ALDH1 and its relationship with cancer stem cells (CSCs), lower reaction oxygen species, and biomarker expression in pOC and rOC have been heavily investigated in two specific scientific models [51] - [52] . Scientists have also been able to combine investigative methods of ALDH as a prognostic biomarker [53] . The metabolism of ovarian cancer cells is a good indicator of the cancer cells microenvironments in comparison to normal ovarian cells [54] . In order to get a better population dynamic of the expression of ALDH in patients diagnosed with HGSC cancer, larger and more specific groups of the tumor microenvironment should be studied [55] . 
VI. NANOTHERAPEUTICS
More nanotheraputic approaches, like Doxil, should be approved by the FDA to use clinically instead of platinumbased therapies [7] . Nanotechnology can help with a combinational drug delivery system that intensifies the efficacy of the chemical drug and directly targets the ovaries without affecting the neighboring cells of the reproductive system [24] , [56] . Using different tumor-targeting moieties can help the efficacy of delivering drugs to tumor cells instead of normal cells [57] . Early detection screening of ovarian cancer cells is imperative since the overall survival rate increases significantly when ovarian cancer is caught in the early stages [58] . Even though nanotechnology is still young when it comes to ovarian cancer nanotherapeutics, it shows promises when trying to target specific cancer cell lines in vivo [30] , [59] . One statement to think about is how much of this combinational drug therapy would be needed to effectively target the ovarian cancer cells and not the normal or malignant cells [60] .
A. Doxil
Doxil is one of the FDA-approved treatment options for laterstaged ovarian cancer that can be clinically used as a "firstline" form of therapeutics [61] . It can also be used after platinum-based chemotherapy that has failed to stop the progression, metastasis, or recurrent of ovarian cancer [61] . Doxil is the name of the prescription medicine and is a specifically coated active form of Doxorubicin, however, due to the serious side effects that are associated with doxorubicin, scientists have attempted to find other nanocarriers, such as polymeric single micelles, to encapsulate drugs as a possible alternative [61] . There are numbers of studies that show the beneficial effects of using doxorubicin in a liposomal encapsulation drug delivery vehicle [62] .
B. Lyophilisomes
Due to the adverse side effects of most conventional chemotherapeutics, such as platinum based chemotherapy. lyophilisomes are drug delivery vehicles that and be classified from nano-sized to micro-sized [26] , [62] . They can be prepared using proteins like album, collagen, and elastin in which a drug can be loaded inside and used to target specific cells, more specifically, ovarian cancer cells [62] . It is imperative to develop nanotherapeutic methods that target only cancerous tissues and cells while leaving healthy neighboring cells to continue to proliferate and remodel. When preparing lyophilisomes, it's walls can be functionalized with specific targeting ligands and antibodies to produce a more favorable therapeutic effects [62] .
VII. IMAGING DIAGNOSTICS
The diagnosis of epithelial ovarian cancer is usually found in 80% of later staged cases when the cancer has already metastasized and survival rates are less than 20%. When the cancer is diagnosed in the earlier stages, the five-year survival rate is 85% [63] . The diagnostic evaluation follows after numerous imaging measures and is a significant process which includes a combination of tests in order to classify, stratify, and identify epithelial ovarian high-grade malignancies A. MRI When diagnosing a high-grade ovarian malignancy, further evaluation through different forms of diagnostic measures should be taken especially dealing with patients of a variety of ages. The use of contrast MRI in the prospective diagnosis can be used to further investigate the sensitivity and specificity, where MRI can be used as a valuable tool to detect the diagnostic criteria such as wall thickness greater than 3mm, cancer cell local invasion, morphology, septal thickness, and necrosis of epithelial ovarian tumors because it has a greater soft tissue contrast than a CT scan [14] .
B. 18 F-FDG PET/CT
The 18 F-FDG PET/CT sensitivity (52-58%), high falsenegative results, high false-positive results, and specificity (76-78%) is not recommended for the initial detection of epithelial ovarian cancer. This form of diagnostic testing is found to be more useful as a postoperative susceptive reoccurrence follow-up especially when PET is combined with contrast-enhanced CT in order to stratify malignancy stages and improved accuracy, sensitivity (up to 91%), and specificity (up to 100%) [14] , [64] . An example of this can be seen in one small cohort study of 41 participants with ovarian cancer reoccurrence; it was found that 18 F-FDG PET/CT is more accurate than CE/CET alone with values of 92% vs. 73%, 90% vs. 55%, and 91% vs 63% for sensitivity, specificity, and accuracy when detecting for the recurrence of ovarian cancer [65] .
C. MNPs
A formulation (F127250) of magnetic nanoparticles coated with pluronic polymer (F-127), β-cyclodextrin (CD), and an iron oxide core, developed by previous methods, have been shown to be a good option for haemocompatibility and MRI visible targeting while delivering a therapeutic effect to cisplatin resistant ovarian carcinoma cells all in one system [17] . Cai et al was able to demonstrate that an increase in magnetization, contrast ability, and relaxation times were shown with an increase in size of ferrimagnetic cores, with, 5.3 nm in size being the strongest [66] . Another important aspect is the interactions of these MNPs in human blood circulation due to it being the main nanoparticles locative route. Previous methods have taken safety measures when nanoparticle formulations have been mixed with human blood [17] .
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VIII. DISCUSS RESEARCH
Due to the fact that epithelial ovarian cancer is one of the most common cancers of the female gynecological system, it is imperative to develop and identify a variety of diagnostic tools to provide accurate and detailed histological information by the way of serological testing or imaging. However, the transvaginal ultrasound, the current diagnostic biomarker testing assays, MMP-7, CCL18, CCL11, and the FDA-approved human Epididymis protein 4 marker, OVA1 test, ROMA, and the CA-125 assays, are typically not used by themselves because each test does not provide sufficient information about sensitivity, specificity, early detection, and specific tumor characteristics such as differentiating between benign, borderline, or malignant tumors. When combining other imaging sources and variables with the current clinical standard, such as computed tomography and magnetic resonance imaging, these can be introduced to provide locative and morphological distinctive features common to ovarian tumors to definitively be used for diagnosis. Since epithelial ovarian cancer is typically found in the later stages after the cancer has metastasized, new and improved diagnostic standards must be applied to dramatically increase the 5-year survival rate, prognosis, and clinical trial outcomes. 
IX. RESULTS AND DISCUSSION
There is a growing number of literary sources that have utilized magnetic iron oxide-based nanoparticles (MNPs) with carcinoma cells because of its biocompatibility, magnetic resonance imaging (MRI) reagent contrast abilities, responsiveness to alternating magnetic fields (AMF), and adherence to regular magnetic fields [16] , [32] . When designing a nanoparticle for the diagnosis of early high grade ovarian cancer, there should be major considerations taken when including surface modifications with specific ligand external profiles so as to enhance cellular internalization and make the ovarian cancer cells appear more visible under MRI [7] . There are a variety of studies covering the use of MNPs formulations in conjunction with MRI, however, there is a lack of research pertaining to the bioelectrical interactions of ovarian cancer cells with the MNPs formulation and MRI [17] .
Cai et al was able to demonstrate that an increase in magnetization, contrast ability, and relaxation times were shown with an increase in size of ferrimagnetic cores, with, 5.3 nm in size being the strongest [65] . Increasing the iron cores up to 7 nm in size would show to be an even higher increase in saturation magnetization and possible detect SK-OV-3 ovarian cancer cells lower than 10 4 cells mL −1 . Another important aspect is the interactions of these MNPs in human blood circulation due to it being the main nanoparticles locative route. Previous methods have demonstrated nanoparticle formulations being non-toxic to human blood, however, other formulations at 30μg would show high toxicity, clumping, and a rapid change in red blood cell morphological studies [17] . One study used 100 μl of human blood and incubated the formulations for 2 hrs. A possible change could be seen when incubation is increased to 24 and 48 hours for a more realistic reading.
X. CONCLUSION
It is imperative to develop a novel diagnostic method to determine the early stages of epithelial ovarian cancer that can possibly replace the main diagnostic standards, the CA-125 test and the transvaginal ultrasound, due to their unreliability, variability, low specificity, low sensitivity, and false-positive nature. The use of contrast MRI agents have been shown in the literature to have the most promise when representing specific diagnostic criteria for regular carcinoma cells. Magnetic nanoparticles have been shown to have biocompatibility, therapeutic characteristics, MRI magnetic contrast reagents, and haemocompatibility, however, the bioelectrical interactions of SK-OV-3 human ovarian cancer cells with the F127250 formulation have not been studied in the past. These interactions are very crucial, especial when it comes to diagnostic and therapeutic approaches in clinical aspects and should be explored in a more through matter. Minor changes such as a slight increase in iron cores leading to higher carcinoma cell detectability, enhanced magnetization shown through transverse relaxation times, an increase in incubation times for the haemocompatibility, and toxicity analysis would be unique and readily transferrable to clinical applications [19] . Michelle has obtained her previous clinical work experience from New York University Langone Medical Center where she was invited to train under the tutelage of the professor and former chairman of the NYU Department of Psychiatry in order to gain a deeper insight into biomedical research by witnessing how to screen, enroll, and track study participants. She also worked with Reproductive Medicine Associates of New York where she practiced the role of patient services coordinator, financial guide, and medical chaperone in collaboration with a multidisciplinary team of boardcertified reproductive endocrinologists in efforts to sustain a continuum of successful fertility treatments with compassionate and individualized care. She is currently a member of the Biomedical Engineering Society and Engineers without Borders Society at the University of Bridgeport where she is gaining experience to epitomize an engineer's role to improve healthcare diagnosis, treatment, and the design of medical devices.
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